85
Although about 525 SSR markers are publicly available in hazelnut, the majority contain di-86 nucleotide motifs which suffer from PCR artifacts that prevent automated scoring (Testolin and 87 Cipriani, 2010). In this study, we mined the 'Jefferson' genome sequence to develop new
88
Hazelnut simple sequence repeat markers -5 polymorphic SSR markers with repeat motifs of 4, 5 or 6 bp and further saturated the reference 89 hazelnut genetic linkage map.
90

Materials and Methods
91
Plant Material. A set of 48 diverse hazelnut accessions plus the two parents of a mapping 92 population (Table 1) were used to characterize the new SSR markers. These accessions were a 93 subset of the 198 unique types investigated by Gökirmak et al. (2009) removed, as they tend to be very difficult to score. Short fragments (< 400 bases) and fragments
117
with repeats near the ends of the contigs were also removed, the latter because they lacked a visualization, each sequence was classified as "clearly polymorphic", "slightly polymorphic",
127
"not polymorphic", "poor alignment" or "no reads". Of these categories, only the "clearly 128 polymorphic" sequences were pursued, and forward and reverse primers were designed using the 
147
Genotyping at Polymorphic SSRs. For SSR loci that were polymorphic on the agarose gels, Table   151 S1) were used to amplify DNA from the 48 accessions and the two parents of the mapping 152 population ( Table 1 ). The use of fluorescent primers and PCR products of different sizes total number of genotypes. Expected heterozygosity estimates the probability that a randomly 168 chosen individual is heterozygous at a locus and is calculated as
, where p i is 169 the frequency of the i th allele and n is the number of alleles (Nei, 1973) . The polymorphism 170 information content (PIC) value is a measure of marker informativeness and is calculated as Table S2 ). Among the tri-nucleotide repeats, AAT and AAG were 217 most common, representing 43.1% and 28.4% of the total, respectively. The most common 218 motifs were AAAT (55.0%) among the tetra-nucleotide repeats, AAAAT (36.3%) and AAAAG
219
(25.7%) among the penta-nucleotide repeats, and AAAAAG (18.3%) and AAAAAT (12.6%) 220 among the hexa-nucleotide repeats. The focus of this study was the tetra-, penta-and hexa-221 nucleotide repeats, for which the maximum number of repeats was 8, 6 and 6, respectively.
222
Among the 192 polymorphic SSRs markers developed in this study, the most common motifs
223
were ACGT/TGCA, AAAGG/TTTCC and AGTTGG/TCAACC for the tetra-, penta-and hexa-224 nucleotide repeats, respectively.
Initially, the number of sequences containing tetra-, penta-, and hexa-nucleotide repeats 226 was 9094. The number of sequences was reduced in stepwise manner, resulting in the final set 227 of 192 polymorphic SSR markers (Table 3) . Of the 9094, 4774 were removed because the repeat Table S1 ). Of the newly 242 developed SSRs, 60, 66 and 66 consist of tetra-, penta-, and hexa-nucleotide repeats, Tables S3 and S4 ). At 169 SSR loci (88.0%), all 50 accessions showed the one or 245 two alleles expected in a diploid, and diversity parameters were estimated for them (Table 3 and   246   Supplemental Table S3 ). However, at 23 SSRs (12.0%), more than one accession generated 247 more than two PCR products; for these the presence of each allele was scored in each accession (Table 3 and Supplemental Table S4 ). In the 169 characterized markers ( were present with an average of 7.39 alleles per primer pair (Table 3) . Allele size distributions at 258 the 192 polymorphic SSR markers are shown as histograms (Supplemental Fig. S1 ). Table S5 ). New markers were placed in each of the 11 262 linkage groups, and the resulting genetic map included 132 new and 297 previously-mapped SSR 263 loci (Fig. 2) . Three loci (GB733, GB737 and GB746) showed severe segregation distortion and 264 could not be assigned to a LG (Supplemental Table S4 ). The lengths of the linkage groups 265 ranged from 63.5 to 277 cM.
266
Genetic Diversity in Hazelnut Accessions, A dendrogram was constructed for the 50 267 accessions using the UPGMA algorithm ( Fig. 1) 
305
Most of the tetra-, penta-, and hexa-SSRs identified in this study were composed of only Table S6 ). These unique alleles were confirmed by repeating the PCR (Fig. 1) shows a high level of diversity in the 50 accessions, including 13 diverse 338 accessions at the top that did not cluster with the any others (Fig 1) .
Of the 192 new SSR markers, 135 segregated in the mapping population, of which 132
340
were placed on the map and three with distorted segregation remained unlinked. Segregation 341 ratios at 135 loci (Supplemental Table S4 ) were examined for goodness-of-fit to expected ratios.
342
Poor fit to Mendelian expectations (P < 0.05) was observed at 20 loci, of which 11 showed very developed markers were assigned to all 11 LGs (Fig. 2 ), but were not evenly distributed.
354
Four markers (GB478, GB456, GB605 and GB671) were placed on LG6 <20 cM from 
